BACKGROUND: Sodium imbalance is common in-hospital electrolyte disturbance and is largely related to inequalities in water homeostasis. An important mechanism leading to dysnatraemic disorders is inadequately secreted plasma arginine vasopressin (AVP). Unfortunately, AVP measurement is cumbersome and not reliable. Copeptin is secreted in an equimolar ratio to AVP and is a promising marker in the differential diagnosis of hyponatraemia and possibly hypernatraemia in stable hospitalised patients. This study assessed copeptin concentrations in sick patients with serum sodium imbalance of different aetiology on admission to the emergency department. METHODS: This is a secondary analysis of three previous prospective studies including patients with lower respiratory tract infections (LRTI) and acute cerebrovascular events. Patients were classified into different aetiological groups of hyponatraemia and hypernatraemia based on gold standard diagnostic algorithms. Copeptin levels were compared between different volaemic states and different aetiologies, firstly within the different study populations and secondly in an overall pooled analysis using hierarchical regression analysis adjusted for age and gender. RESULTS: In LRTI, hyponatraemia was found in 10.6% (58/545) and hypernatraemia in 3.7% (20/545). For acute cerebrovascular events, the corresponding numbers were 4.3% (22/509) and 8.4% (43/509). In LRTI patients with hyponatraemia, copeptin levels were only lower in the subgroup of patients with gastrointestinal losses compared to the group of patients with renal failure (mean difference: -73.6 mmol/l, 95%CI -135.0, -12.3). For hypernatraemic patients and stoke patients with hypo-and hypernatraemia, no differences were observed. In the combined analysis, copeptin levels in the hyponatraemic population were high-
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Introduction
Plasma sodium imbalance is the most common electrolyte disorder in clinical medicine [1] [2] [3] . The prevalence of mild hyponatraemia was reported to be as high as 15-30% in hospitalised patients. Hypernatraemia is much less frequent and occurs in 1-3% of all inpatients. Hypernatraemia reflects a net water loss or a hypertonic sodium gain and is relatively easy to diagnose. Since it is, however, associated with a high morbidity and mortality [4] , it is crucial that adequate treatment is rapidly initiated. Hyponatraemia, particularly if of rapid onset, is also associated with substantial morbidity and mortality [1, 5, 6] . Hyponatraemia is classified as hypervolaemic, hypovolaemic or euvolaemic, based on the volume status of the patient [7] . The diagnostic work up to differentiate between varying aetiologies of hyponatraemia is based on complex clinical algorithms including ambiguous clinical signs. Thus, the dia-gnosis of hyponatraemia based on clinical signs and routine laboratory evaluation has a limited sensitivity and specificity of <50% [8, 9] . Accordingly, as few as 10% of physicians reach the correct diagnosis of the underlying cause of hyponatraemia with routinely used diagnostic algorithms [10] . Inadequate therapy as a result of misdiagnosis may have significant clinical consequences [9, 11] . Therefore, a readily available, accurate marker for the differential diagnosis of serum sodium imbalance and fluid status would be of major clinical importance. The most important osmotic and volume regulated hormone is arginine vasopressin (AVP). The amount of plasma AVP is regulated by osmotic and non-osmotic stimuli [12] . In hyponatraemia, AVP levels are either appropriately or inappropriately elevated in relation to osmolar status. In hypernatraemia, AVP is high except in the case of central diabetes insipidus. The measurement of AVP is cumbersome. It therefore remains unclear whether there is a cut off differentiating appropriate and inappropriate AVP increases and whether AVP measurement is helpful in the differential diagnosis of dysnatraemia. AVP derives from a larger precursor peptide (pre-provasopressin) which consists of a signal peptide, AVP, Neurophysin II and copeptin [13] . Copeptin is produced in equimolar amounts to AVP [14] and recent data show that copeptin levels mirror AVP levels [15, 16] . It has been demonstrated that copeptin shows identical changes during disordered water states as previously shown for AVP [16] . As compared to AVP, copeptin is very stable in plasma and serum and can be easily determined [14, 17, 18] . Recently, it has been shown that plasma copeptin is a suitable surrogate of AVP secretion in hyponatraemic disorders and could be helpful in the differential diagnosis of isolated hyponatraemia in otherwise healthy patients [19] . Different biomarkers were shown in clinical practice to improve the ability to diagnose, riskstratify and manage patients [20] . Therefore, the current study aims to compare copeptin levels in serum sodium imbalance of different aetiologies in two important cohorts of inpatients with acute medical diseases admitted to the emergency department.
Material and Methods

Setting and study population
For the purpose of this study, we took advantage of data of three prospective studies performed between December 2002 and November 2007 at the University Hospital Basel. Patients with lower respiratory tract infections (study A), community-acquired pneumonia (study B) and acute cerebrovascular events, i.e. acute haemorrhagic stroke, acute ischaemic stroke and transient ischaemic attack (study C) on admission were included. In all patients, copeptin levels, sodium and osmolality levels were measured and fluid status was assessed.
Cohort with lower respiratory tract infections (studies A and B)
The study design of these two randomised studies has been described in detail elsewhere [21, 22] . In brief, these studies included patients with suspected lower respiratory tract infection (study A) [21] and community-acquired pneumonia (study B) [22] [21] or community-acquired pneumonia [22] , respectively. In both studies a total of 545 Patients were included and analysed. The primary endpoint was the use and length of treatment with antibiotic drugs using procalcitonin guidance as compared to standard recommended guidelines in lower respiratory tract infections and community-acquired pneumonia [21, 22] . A predefined secondary endpoint was the prognostic value of biomarkers such as copeptin to assess the severity and to predict outcome in patients with lower respiratory tract infections and community-acquired pneumonia [23] . The Pneumonia Severity Index (PSI) was calculated to assess severity of pneumonia in patients with community-acquired pneumonia [24] . Baseline assessment included clinical data and vital signs, co-morbid conditions and routine blood tests on admission of the patients.
Cohort with cerebrovascular events (study C)
Between November 2006 and November 2007, all patients (n = 605) presenting at the emergency department of our hospital with a suspected cerebrovascular event (i.e. acute haemorrhagic stroke, acute ischaemic stroke or transient ischaemic attack) were evaluated. The study design of this prospective cohort study has been described in detail elsewhere (ClinicalTrials. gov number, NCT00390962) (25) . A total of 509 patients was included, with a final diagnosis of an ischaemic (n = 362) or haemorrhagic stroke (n = 40) or transient ischaemic attack (n = 107). The primary endpoint of this study was the prognostic value of copeptin in predicting functional outcome and death and as well the value of copeptin as a diagnostic marker in disturbances of water homeostasis. To determine the severity of disability in the group of acute ischaemic stroke patients, the National Institute of Health Stroke Scale Score (NIHSS) was used [26] . Baseline assessment included medical history, clinical and laboratory items and standardised work up of stroke aetiology.
Aim of the study
This study aimed to evaluate copeptin in disturbances of serum sodium imbalance in acutely ill and hospitalised patients.
Hyponatraemia
In hypervolaemic hyponatraemia (i.e. congestive heart failure (CHF), cirrhosis or nephrosis) the stimulation of AVP secretion is due to a secondary haemodynamic stimulus and shows a moderate increase of AVP. Hypovolaemic hyponatraemia can be the result of diminished extracellular volume caused by diarrhoea, diuresis or third-space sequestration. In hypovolaemic states, decreased intravascular volume leads to impaired water excretion in response to decreased distal glomerular filtration delivery and by stimulates AVP secretion. In contrast, patients with SIADH, AVP levels are inappropriately elevated in relation to osmolar status [12, 27, 28] .
Hypernatraemia
In hypernatraemic patients with central diabetes insipidus plasma AVP levels are inappropriately low with respect to plasma osmolality. Nephrogenic diabetes insipidus is due to renal resistance to the antidiuretic effects of AVP with clearly increased AVP levels. In other causes of hypernatraemia (i.e. dermal or gastrointestinal losses, renal disease or iatrogenic hypertonic sodium gain) AVP plasma levels are markedly increased [12, 27] . Our hypothesis was that copeptin as a direct mirror of AVP might be helpful in differentiating the various aetiologies of hypo-and hypernatraemia. Therefore, we hypothesised that slight but significant differences in copeptin levels between the differential diagnoses of dysnatraemia might be found.
Diagnostic criteria and classification
The determination of the underlying cause of hypo-or hypernatraemia was accomplished by a standardised structured diagnostic approach as follows:
In all patients the cause of hypo-or hypernatraemia was determined retrospectively using chart review by three independent board-certified endocrinologists.
Patients with hyponatraemia were classified according to plasma osmolality (measured directly or calculated) into hypo-, normo and hyperosmolar hyponatraemia. Patients with hypoosmolar hyponatraemia were further categorised according to extracellular fluid volume status as hypovolaemic, euvolaemic or hypervolaemic. In study C the fluid volume status was clinically assessed prospectively and in study A/B it was evaluated retrospectively using the data on physical examination on admission and different laboratory parameters such as haemoglobin concentration and haematocrit. Furthermore, the differential diagnosis of hyponatraemia was assessed using a standardised clinical algorithm based on the detailed medical history including pharmacotherapy and special diet as well as different clinical and laboratory parameters [29, 30] . Patients were classified as having a syndrome of inappropriate antidiuretic hormone secretion (SIADH) if they fulfilled the diagnosis criteria described by Bartter & Schwartz [31] . Hypernatraemic patients were classified by a standardised clinical algorithm into hypotonic fluid loss, pure water loss and hypertonic sodium gain, respectively [32] .
Measurement of copeptin and other laboratory parameters
All laboratory parameters were sampled at the same time point at admission. Blood samples were obtained from an indwelling venous catheter. Results of the routine blood analyses were recorded. Copeptin levels were measured with a new chemiluminescence sandwich immunoassay with a lower detection limit of the assay of 0.4 pmol/L and a functional assay sensitivity of <1 pmol/L [14] . In healthy volunteers median copeptin plasma concentrations were 4.2 [IQR 1.0-13.8] pmol/L [18] . The serum osmolality was measured directly using freezing-point osmometry [33] . The freezing-point osmometry [33] was also used for determination of urine osmolality. In all three cohorts serum osmolality was calculated by including the main osmotic constituents in plasma using the formula: 2 x (sodium
According to the literature the definition of normal plasma sodium concentrations may vary from 138 to 142 mmol/L or 135 to 145 mmol/L depending on different clinical laboratories [6, 29, 32, 34] . For the purpose of this study, we used our in-house reference levels to define sodium dysbalance, i.e. 130 to 125 mmol/L for mild hyponatraemia, <125 mmol/l for severe hyponatraemia, 143 to 145 mmol/L for mild hypernatraemia and >145 mmol/L for severe hypernatraemia. However, all results remained similar if different reference levels were used.
Statistical analysis
To describe the populations we used descriptive statistics: discrete variables are expressed as frequency (percentage) and continuous variables as medians and interquartile ranges [IQR] . In a first step, we analysed the studies with respiratory tract infections and stroke separately because of differences in the study population, co-morbidities, endpoints and in the diagnostic work up among the cohorts. We used a hierarchical approach and first tested for any difference between subgroups with Kruskal-Wallis one-way ANOVA, and in case of a significant result, we used Dunn's post-hoc test for multiple testing to identify the specific group differences. We report 95% confidence intervals (CIs) of the mean difference assuming a normal distribution of mean copeptin differences.
In a second step, we then combined the cohorts for an overall analysis using multivariable hierarchical regression adjusted for age and gender [35, 36] . This model accounts for within and between study variability by adding the study to the model as a random effect. Due to the skewed distribution, we log transformed copeptin levels before entering into the model. All statistical tests were two-tailed, and P <0.05 was considered to indicate statistical significance. The statistical analysis was performed using Graph Pad Prism, Version 4.00 for Windows (Graph Pad Software, San Diego California, USA) and Stata version 9.2 (College Station, Texas).
Results
Baseline characteristics and prevalence of dysnatraemia
Study A/B Out of 545 patients included 58 (10.6%) had hyponatraemia (<131 mmol/L) and 20 patients (3.7%) hypernatraemia (>142 mmol/L). The prevalence of mild hyponatraemia (130-125 mmol/L) was 8.8% and the prevalence of more severe hyponatraemia (<125 mmol/L) was 1.8%. Hypernatraemia was less common with a prevalence of 2.6% for mild hypernatraemia (143-145 mmol/L) and 1.1% for severe hypernatraemia (>145 mmol/L). Classification of the patients according to diagnoses of hypoosmolar hyponatraemia is shown in figure 1A . Patients with hypernatraemia were classified according to aetiology as described in figure 1B . Baseline characteristics, includ-
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Study C
In total 22 (4.3%) of the 509 patients had hyponatraemia and 43 (8.4%) hypernatraemia. The aetiology of hypoosmolar hyponatraemia is described in figure 1A . Mild hyponatraemia (130-125 mmol/L) occurred in 3.5% of patients suffering an acute cerebrovascular event. More severe hyponatraemia (<125 mmol/L) was found in 0.8%. Hypernatraemic patients (n = 43) were clas- sified in three different categories as shown in figure 1B . 
Combined analysis
In a further step, we combined the different studies using hierarchical regression analysis adjusted for age and gender (table 3) . For the hyponatraemia population, there was a significant association of hypervolaemic and copeptin levels (regression coefficient 0.17, 95%CI 0.04, 0.31) indicating that hypervolaemic patients have 0.17 pmol/L higher (log transformed) copeptin levels compared to patients without hypervolaemic. When focusing on the different aetiologies, heart failure (regression coefficient 0.42, 95%CI 0.09, 0.76) and renal failure (0.53, 95%CI 0.09, 0.97) were both associated with higher copeptin levels, compared to the other causes.
For the hypernatraemic population, no significant associations were found with regard to volaemia and different aetiologies (data not shown). 
Copeptin levels and disease severity
Discussion
The principal finding of this study is that plasma levels of the AVP precursor peptide copeptin appear to add very little information to the work up of sodium imbalances in patients with acute diseases such as lower respiratory tract infections, community-acquired pneumonia or stroke admitted to the emergency department. It has recently been demonstrated that copeptin is a new promising diagnostic tool in the differential diagnosis of 
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Swiss Med Wkly. 2011;141:w13270 otherwise healthy patients with isolated hypoosmolar hyponatraemia [19] . In our study, we included hospitalised patients with acute and stressful diseases such as lower respiratory tract infections, community-acquired pneumonia or acute cerebrovascular events. Thereby the copeptin levels of the patients with different aetiologies of hypoosmolar hyponatraemia were not statistically different. Yet, patients with hyponatraemia due to chronic renal failure compared to patients with gastrointestinal losses had higher copeptin levels. This result is in accordance with a recent published study of confounding factors with regard to interpretation of copeptin values. The authors showed that patients with impaired renal function had higher plasma levels of copeptin. This might be due on the one hand to the activation of the AVP system in patients with renal impairment and the high abundance of vasopressin receptors on renal tubules and on the other hand to the fact that copeptin is mainly cleared by the kidneys [37] .
AVP has not only haemodynamic and osmoregulatory effects but also acts synergistically with corticotrophin releasing hormone activating the hypothalamo-pituitary-adrenal axis (HPA-axis) [38, 39] . Recently, we demonstrated that copeptin levels were significantly lower in non stressed healthy controls compared to hospitalised patients with mild and moderate levels or patients after large surgical interventions with high stress, thereby reflecting the individual stress level [39] . This suggests that even mild to moderate stress situations contribute to a remarkable copeptin release. Accordingly, previous studies showed increasing copeptin levels with increasing severity of disease in patients with community-acquired pneumonia [15, 23] , stroke [25] and patients with cardiac insufficiency or myocardial infarction [40, 41] . In these studies, copeptin levels was an independent predictor of outcome [23, 25] axis. Accordingly, copeptin levels in our cohort of patients increased with increasing levels of disease severity. Patients in study A/B had higher copeptin levels than patients in study C. A possible explanation is that the number of patients with a severe disease, defined with a PSI of IV to V was higher in study A/B compared to patients with a severe disease in study C (defined by a NIHSS (>15). Alternatively, the higher inflammatory stimulus in patients in study A/B compared to study C might have contributed to the higher copeptin levels. It has been shown that pro-inflammatory cytokines, such as interleukin-1-β (IL-1β), interleukin-6 (IL-6) and tumour necrosis factor-α (TNF-α), can activate the hypothalamic paraventricular cells to produce AVP [42] .
The following limitations of our study must be taken into account. Firstly, investigating copeptin in the differential diagnosis of hypo-and hypernatraemia was not a predefined endpoint in study A/B. Thus, the differential diagnoses of hypo-and hypernatraemia were assigned retrospectively by chart review assessed by board certified endocrinologists. Secondly, the investigated study population encompassed only a small spectrum of acute diseases presenting at the emergency room of our hospital and therefore these diseases must be considered as an arbitrary selection. However, this selection of patients reflects frequent diseases known to be often accompanied by disturbances of sodium homeostasis [2, 3] , making our findings clinically relevant. Thirdly, due to the limited number of patients with sodium imbalances and thus low statistical power, this study is at risk for both, type I errors (false positive) and type II errors (false negative results). Therefore our results should be interpreted with caution and validation in a larger cohort is paramount. Nevertheless our results should help to design new studies by taking into account the newly gained knowledge that probably the value of copeptin is restricted either to patients with no further acute illnesses beside their sodium imbalance or, in severely ill patients, possibly to patients with more severe hypo-or hypernatraemia. Fourthly, we did not measure AVP for a direct comparison with copeptin, mainly due to the analytical problems with AVP measurement [15, 18] . However, several studies have shown that copeptin is released in equimolar amounts to AVP directly mirroring AVP release [14] [15] [16] . In a study with 24 healthy volunteers, copeptin showed identical changes during disordered water states or osmolarity as previously shown for AVP [16] .
In conclusion, measurement of plasma copeptin levels in patients with acute diseases appears to add very little information to the work up of sodium imbalances and levels are similar in varying causes of mild sodium imbalances. It is likely that the non-osmotic "stress"-stimulus in acute hospitalised patients is a major confounder and overrules the osmotic stimulus. 
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